Animals and diets. Male C57BL/6NIA mice at 11 months of age were purchased from the National Institute on Aging Aged Rodent Colony (Harlan Sprague-Dawley, Indianapolis, IN), and maintained on a standard purified mouse diet (AIN-93G) for one month prior to the start of the experiment. Beginning at one year of age, SD and EOD groups were fed a standard AIN-93G diet or AIN-93G plus 0.01% or 0.04% resveratrol for the duration of the study. Three separate groups were placed on an HC diet (AIN-93G modified by the addition of hydrogenated coconut oil to provide 60% of calories from fat) or HC + 0.01% or 0.04% resveratrol 6 weeks later and remained on those diets throughout the study. SD and HC mice were fed ad libitum. EOD mice were fed ad libitum on alternate days then moved to a separate cage without food for 24 h (to prevent food from being stored in the bedding). Food was prepared and stored as described previously (Baur et al., 2006) . The mice were maintained on a 12 hour light/dark cycle and between 68-72°F according to animal protocols and NIH guidelines. Food intake and body weight were measured on a weekly basis for the duration of the study. Both 40% restriction and EOD are well established means to improve health and extend lifespan in rodents. Both involve a component of food deprivation and show common effects such as increasing insulin sensitivity and blocking cancer growth. Our primary reason in
choosing the latter method as the dietary restriction model in the present study was that 40% restriction requires single-caging, which was simply not possible due to the number of animals involved. Recently the first study comparing the effects of CR with group housing versus single caging for C57BL6 mice was published, however this data was not available until after our study began (Ikeno et al., 2005) .
The criteria for euthanasia were based on an independent assessment by a veterinarian according to AAALAC guidelines and only cases where the condition of the animal was considered incompatible with continued survival are represented as deaths in the curves. Body weight data can be found in Figure S4A -C. The SD group initially contained 60 mice, 6 were euthanized and counted, 16 were experimental and censored, and 1 was euthanized for a tooth root abscess and censored. The SDLR group initially contained 55 mice, 7 were euthanized and counted and 7 were experimental and censored. The SDR group initially contained 54 mice, 3 were euthanized and counted, 5
were experimental and censored, and 3 were euthanized and censored (2 inner ear infections and 1 prolapsed genitals). The EOD group initially contained 55 mice, 6 were euthanized and counted, 7 were experimental and censored, and 2 were euthanized and censored (1 inner ear infection and 1 prolapsed genitals). The EODLR group initially contained 55 mice, 1 was euthanized and counted and 9 were experimental and censored.
The EODR group initially contained 55 mice, 6 were euthanized and counted, 6 were experimental and censored, and 1 was euthanized and censored (dermatitis). The HC group started with 55 mice, 8 were euthanized and counted, 13 were experimental and censored, and 1 was euthanized and censored (ulcerative dermatitis). The HCLR group started with 55 mice, 4 were euthanized and counted, 13 were experimental and censored, and 1 was euthanized and censored (ulcerative dermatitis). The HCR group started with 55 mice, 9 were euthanized and counted, 15 were experimental and censored, 3 were euthanized and censored (2 for ulcerative dermatitis and 1 for an inner ear infection), and 3 deaths were accidental (cage flooding). An additional cohort of mice was separated into two groups, SD and SDHR (0.24% resveratrol), for lifespan studies at one year of age ( Figure 4F ). Of 48 SD mice, 1 remains alive at the time of publication, 4 were euthanized and counted, 1 was experimental and censored, and 1 was euthanized and censored (ulcerative dermatitis). Of 48 SDHR mice, 1 remains alive at the time of publication, 3 were euthanized and counted, and 7 were euthanized and censored (5 for facial mass and 2 for ulcerative dermatitis). Facial masses occurred at early time points in this cohort, and were also observed in a number of other mice in separate studies. They were determined to be related to a bacterial infection carried in the bedding of the shipping cages, and do not appear to have been related to resveratrol treatment. Another cohort of mice was separated into SD and SDHR groups for experimental purposes ( Figure 3G-3K ) and in this case, two of the SD control mice developed facial masses while only one of the SDHR mice developed a facial mass.
Microarray -Z scores and PAGE analysis. Five mice from each of the SD, HC, HCLR, and HCR groups were sacrificed at 18-months of age and livers, muscle, adipose and heart were flash frozen. At 27-months of age, 3 mice from the SD group, and 5 mice from each of the SDLR, SDR, EOD, EODLR, and EODR groups were sacrificed, and the same tissues were harvested. RNA was extracted and hybridized to Illumina Mouseref 8 whole genome microarrays (version 1.1) following protocols listed on the Gene Expression and Genomics Unit website at the National Institute on Aging http://www.grc.nia.nih.gov/branches/rrb/dna/index/protocols.htm. Raw data were subjected to Z normalization to ensure compatibility using the formula:
where ln is natural logarithm, avg is the average over all genes of an array, std dev is the standard deviation over all genes of an array. The Z ratio (between treatment A and B) is given by z(A)-z(B)/std dev. Individual genes with Z ratio > 1.5, P value < 0.05, and avg intensity > 0 were considered significantly changed. After exclusion of arrays with apparent RNA degradation or poor hybridization, the numbers of samples for each tissue (SD27, SD18, SDLR, SDR, EOD, EODLR, EODR, HC, HCLR, and HCR, respectively) were: liver (3, 4, 5, 4, 3, 5, 4, 4, 4, 4), muscle (3, 5, 4, 5, 4, 5, 4, 5, 5, 5) , adipose (2, 2, 2, 3, 2, 2, 3, 2, 2, 2), and heart (3, 4, 5, 5, 4, 5, 4, 4, 4, 5) .
For parametric analysis of gene set enrichment (PAGE), a set of 1687 pathways was obtained from http://www.broad.mit.edu/gsea/msigdb/msigdb_index.html (C2 collection). Our expression data was tested for gene set enrichment using the PAGE method as previously described (Kim and Volsky, 2005) . Briefly, for each pathway under each pair of conditions a Z score was computed as Z (pathway) = (sm mu)*pow(m,0.5)/delta, where mu = mean Z score of all gene symbols on the microarray, delta = standard deviation of Z scores of all gene symbols on the microarray, sm = mean Z score of gene symbols comprising one pathway present on the microarray, and m = no of gene symbols in a pathway present on the microarray. For each Z (pathway) a P value was also computed in JMP 6.0 to test for the significance of the Z score obtained.
These tools are part of DIANE 1.0 and are available at http://www.grc.nia.nih.gov/branches/rrb/dna/diane_software.pdf. Pathways involving mitochondria and apoptosis ( Figure 2B and 2C) were selected based on the names and descriptions provided by MSigDB at http://www.broad.mit.edu/gsea/msigdb/genesets.jsp?collection=C2. All selections were made while blinded to the data and the pathways represented in these panels are listed in the Table S5 .
Microarray -Comparisons to published datasets. Lists of differentially expressed genes were converted into differential expression signatures by the assignment of a score to each transcript, indicating downregulation (-1), upregulation (+1), or no significant effect on gene expression (0) (Swindell, 2007 (Swindell, , 2008 . Transcripts were assigned to probesets represented on the Affymetrix 430 2.0 array platform using Affymetrix best match tables, unigene ids, or gene symbols. Differential expression signatures for resveratrol and EOD were then used to evaluate overlap with previously reported effects of 10-44% CR (Corton et al., 2004; Dhahbi et al., 2005; Dhahbi et al., 2006; Edwards et al., 2007; Fu et al., 2006; Higami et al., 2004; Lee et al., 2002; Selman et al., 2006; Tsuchiya et al., 2004) and P values were obtained by permutation testing as described previously (Swindell, 2008) . P values were subsequently adjusted for multiple comparisons using the Benjamini-Hochberg method (Benjamini and Hochberg, 1995) .
Characteristics of the animals in 10-44% restriction studies are presented in Table S2 .
Microarray -Principal component analysis and pairwise distances. To reduce the complexity of the principal component calculation while preserving the variability between samples we obtained differentially expressed genes (DEGs) among three groups (SD, SDR, and EOD) using a nonparametric method called Rankprod (Hong et al., 2006) implemented as a part of BioConductor in R language found at http://www.bioconductor.org/packages/bioc/html/RankProd.html. This resulted in the selection of 1628, 504, 568 and 343 probes respectively for liver, muscle, adipose, and heart (the union of DEGs from SD:SDR, SD:EOD, and SDR:EOD). Principal components were calculated based on all samples from standard diet groups + EOD using Matlab (Version 7.1.0.183 (R14) Service Pack 3) and NIA Array Analysis software available at http://lgsun.grc.nia.nih.gov/ANOVA/ (Sharov et al., 2005) . Error bars were calculated by projecting the individual samples within each group onto the principal component axis. Four of the 41 samples (one each from SDR and EOD in heart, and SDR and EOD in muscle) were excluded from this analysis due to extreme dissimilarity with the rest of the samples.
For the calculation of pairwise distances between samples, each microarray was considered as a point in a high-dimensional space (each DEG being treated as an orthogonal spatial dimension). Euclidean distance between the two points was calculated in this high-dimensional space as suggested in Stanford Microarray Database (Demeter et al., 2007) http://genome-www5.stanford.edu/help/analysis.shtml. In order to calculate P values, two hypotheses were considered. The first was that adding resveratrol to the diet (SDR) shifted gene expression patterns toward EOD, such that the distance SDR-EOD was reduced relative to the distance SD-EOD. The second hypothesis was that gene expression patterns in resveratrol-treated animals (SDR) were more similar to EOD than to SD controls, such that the distance SDR-EOD was less than SD-SDR. Repeated estimates of these distances were generated as the difference between each individual sample, and the mean of the other group. The hypotheses were then evaluated using the Kruskal-Wallis nonparametric one-way ANOVA (see e.g. in (Gibbons, 1985) ).
Micro CT. Intact femurs were removed from mice following their natural death between the ages of 30-33 months, wrapped in saline-soaked gauze, and frozen at -80˚C until use.
The femurs were analyzed for bone architecture parameters on an EVS micro CT MS-8 system (GE Healthcare, London, ON) with an isotropic voxel resolution of 12 µm. The total number of views was 400 with 0.5º increment of rotation angle for each view. The average frame for each view was 7 with an exposure time of 3000 ms/frame. A calibration phantom was used for calibration of each scan, and 3 or 4 femurs were included per scan. A modified Parker algorithm was used for digital reconstruction which was performed in a 1x1 voxel mode. Threshold for bone was determined automatically using a built-in algorithm of the GE-supplied MicroView software for each individual scan. Bone mineral content (BMC), trabecular thickness (TbTh; mm), and the number of trabeculae (Tbn 1/mm 3 ) were directly measured in the trabecular bone region of the proximal and distal femurs, where the region of interest (ROI) was outlined using the Advanced ROI tool of the MicroView software. Bone volume (BV) was directly measured, and tissue mineral density (TMD; mg/cc) was calculated as the ratio of BMC/BV. The bone volume fraction (BVF) was calculated as the number of bone voxels divided by the total number of voxels within the ROI. Cortical bone thickness and crosssectional area were measured at mid-diaphysis in the femur with the ROI defined as a rectangular cube of dimensions 1.7 x 2.31 x 2.01 mm.
Bone mechanical testing. The mechanical behavior of the femurs was measured in three-point bending to failure on an ELF 3200 test instrument (Bose Corp, Eden Prairie, MN). The femur was positioned on two supports with span width (w) of 7.0 mm. The central load was applied midway between the supports on the mid-diaphysis and anterior surface at a displacement rate of 0.05 mm/s. From the load-displacement curve, yield was defined as a 10% reduction in secant stiffness relative to the initial tangent stiffness (Jepsen et al., 1996) . Biomechanical parameters determined included maximum load (F), Plasma lipid and lipoprotein cholesterol concentrations. 22 month old mice that were on resveratrol treatment for 10 months were used for this study. Whole blood was collected from fed mice in tubes containing EDTA and plasma was subsequently collected (n = 6 for each group). Plasma cholesterol and triglyceride concentrations were measured enzymatically (Thermo Fisher Scientific, Waltham, MA). Samples of like treatment were pooled, and plasma lipoproteins were separated by size on FPLC using two Superose 6HR 10/30 columns in series (Amersham Pharmacia Biotech, Upsala, Sweden) (de Silva et al., 1994) . Cholesterol content in each 0.5 ml fraction from the column was determined enzymatically.
Ethidium bromide fluorescence. Production of O 2 .-was determined in segments of the aortas that were previously used for functional studies. Hydroethidine, an oxidative fluorescent dye, was used to localize superoxide production in situ as previously reported (Csiszar et al., 2007a; Csiszar et al., 2007b) . This method provides sensitive detection of Quantitative real-time PCR. Total RNA from the arterial samples was isolated with
Mini RNA Isolation Kit (Zymo Research, Orange, CA) and was reverse transcribed using Superscript II RT (Invitrogen) as described previously (Csiszar et al., 2007a; Csiszar et al., 2006) . Real time RT-PCR was used to analyze mRNA expression (n = 5-6 for each group) using the Strategene MX3000, as reported (Csiszar et al., 2007a; Csiszar et al., 2006) . Efficiency of the PCR reaction was determined using a dilution series of a standard vascular sample. Quantification was performed using the ∆∆CT method. The housekeeping genes hypoxanthine guanine phosphoribosyl transferase (HPRT) and β-actin were used for internal normalization. Fidelity of the PCR reaction was determined by melting temperature analysis and visualization of product on a 2% agarose gel. Primer sequences are listed in Table S4 .
Standard RT-PCR. The RNA used for microarray analysis was pooled by group and amplified using the Superscript III One-Step RT-PCR kit (Invitrogen, Carlsbad, CA) according to the manufacturer's instructions. The reverse-transcription reaction was conducted at 50ºC for 30 minutes, followed by a 2-minute denaturation at 94ºC, and 35 cycles of 94ºC for 15 seconds, 50ºC for 30 seconds, 72ºC for 42 seconds. Aliquots were collected in 5-cycle increments surrounding the linear range of amplification for each target. Primer sequences are listed in Table S4 .
NADPH-oxidase activity. NADPH oxidase activity was measured using the lucigenin (10 µmol/L) chemiluminescence (CL) method, as previously reported (Csiszar et al., 2007a; Csiszar et al., 2002) . In brief, increases in lucigenin CL was measured in vessel homogenates after the addition of 10 -4 mol/L NADPH. The lucigenin signal was normalized to sample protein concentration. In control experiments the homogenates were pre-incubated with diphenyleneiodonium (DPI, 10 -5 mol/L, an inhibitor of flavoprotein-containing NADPH oxidases) before the addition of NADPH.
Pathological examination of mice. Mice that were euthanized or discovered in a timely fashion following natural death were collected over an approximately 6-month period and used for histopathology. Mice were examined for gross pathological lesions and visceral organs were collected and fixed. Very early deaths (within the first 10% of Kaplan-Meier survival for each group) were excluded from this analysis. The fixed tissues, which were processed conventionally, were embedded in paraffin, sectioned at 5 mm, and stained with hematoxylin-eosin. Diagnosis of each histopathological change was made using histological classifications for aging mice as described by Bronson and Lipman (Bronson and Lipman, 1991) . A list of pathological lesions was compiled for each mouse that included both neoplastic and non-neoplastic diseases. All pathological analyses were accomplished by a double blind procedure without knowledge of the animal's identity.
The severity of neoplastic lesions was determined using grading systems previously described (Ikeno et al., 2003) . Glomerulonephritis was graded in the order of increasing severity: Grade 0: no lesions; Grade 1: minimal change in glomeruli (minimal glomerulosclerosis); Grade 2: Grade 1 with a few (less than 10) casts in renal tubules;
Grade 3: Grade 1 with more than 10 casts in renal tubules; and Grade 4: Grade 3 with interstitial fibrosis. The determination for the severity of neoplastic lesions was based on previously reported criteria (Ikeno et al., 2003; Ikeno et al., 2005) , Grade 1: primary site only; Grade 2: primary site and intra-organ or one other organ metastasis; Grade 3: metastasis to 2-3 organs; and Grade 4: metastasis to more than 4 organs or Grade 3 + additional pathology. Major pathologies in Table S3 were calculated as those mice with scores of 3-4 to determine the percentage of mice with a particular pathology that was considered severe enough to cause or potentially contribute to death. Amyloidosis, arteritis, and acidophilic macrophage pneumonia were included as "Other" major pathologies in Table S3 . The high incidence of amyloidosis could have been related to the tissue collection protocol employed for one set of experimental mice as 5 out of 11 mice from this timepoint had major amyloidosis, whereas only 2 of the remaining 175 mice had major amyloidosis. In addition, some mice (mostly HC groups) had multiple pathologies.
Urine albumin and creatinine. Spot urine was collected from the mice between 9:00-11:00AM. The urine samples were then analyzed for albumin using an Albuwell M kit (Exocell, Inc., Philadelphia, PA, #1011) and a creatinine companion assay (Exocell, Inc., Philadelphia, PA, #1012) according to manufacturer's instructions. n = 9 for 21 month samples except HCLR, n = 8; n = 5 for 26 month samples except SD, n = 4. One HCLR sample at 21 months and one SD sample at 26 months were determined to be significant outliers and removed. Removing these points did not change the interpretation of the data. In addition, urine was pooled from 6 mice (3 and 3) for two HCLR samples and from two mice for a HCR sample at 26 months because of insufficient volume in any one sample in these groups. This was done to obtain an original n = 5.
Bile acid pool size. Bile acids were extracted from the liver, gallbladder, and intestine as described (Yao et al., 2003) and measured enzymatically (Trinity Biotech, Wicklow, Ireland).
Additional statistical analyses. Survival curves were plotted using the Kaplan-Meier method, and statistical analyses were performed using JMP IN (SAS, Cary, NC). Cox
Regression Modeling was performed using SPSS software (Chicago, IL). It demonstrates that diet [χ 2 (df=2) = 35.38, P < 0.0001] and resveratrol dose [χ 2 (df=2) = 11.16, P < 0.005] produced statistically significant main effects; however, the diet by dose interaction was not significant [χ 2 (df=4) = 8.54, P > 0.05]. The HC Control group had the shortest survival times, and each of the other eight groups significantly differed from this group, even after conservative adjustments for multiple comparisons. The EODLR had the longest survival times, which were significantly different from the other diet groups, including SD controls, but not significantly different from the EOD controls or EODR group. Nonsurvival data was analyzed using ANOVA followed by Fisher's Post Hoc tests. P values of less than 0.05 were considered statistically significant.
SUPPLEMENTAL FIGURE LEGENDS
Supplementary Figure S1 . Validation of microarray results by RT-PCR. RNA from liver samples from SD, EOD and SDR groups was pooled for each group and amplified using primers specific for the indicated targets. Targets were selected based on Z scores obtained by microarray analysis, which are provided for purposes of comparison. Note that Z scores reflect statistical confidence and do not relate directly to fold-change.
Several of the targets in this figure do not appear in Table S1 because they failed to meet the filter criteria in a subsequent analysis using Rankprod. (C) Food intake of mice given a high calorie diet plus or minus resveratrol (ad libitum) was measured weekly. There was no difference in food intake (grams per week) in the HC mice compared to the SD mice. However, towards the end of the study, there was an increase in the amount of food eaten by all the HC groups. Caloric intake was higher in the HC groups, as the HC food was higher in total calories than the standard diet. Table S5 . Pathway Names and Z Scores.
Supplementary
Full names (based on MSigDB nomenclature) and Z scores are provided for pathways represented in Figure 2 (panels A and D) and Figure S2 .
